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[57] ABSTRACT

In a method of operating a ball or rod mill that com-
prises milling substrate with an attrition medium in the

presence of an aqueous carrier. An anti-corrosion com-
position comprising a water soluble, (alkali metal) phos-
phate and a water soluble zinc salt is maintained in the
aqueous carrier.
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1

ANTI-CORROSION COMPOSITION FOR USE IN
BALL MILLS

This invention relates to a method of improving the 3
operation of an attrition mill.

An attrition mill 1s used to grind a substrate, typically
an ore, to reduce the particle size of the substrate. The

mill contains an attrition medium which acts as the 10
grinding medium to reduce the size of the particles of
the substrate. For example, the attrition medium is a
plurality of balls in a ball mill and a plurality of rods in
a rod mill.

In an attrition mill the loss of attrition medium is 15
remarkably high. The function of the attrition medium
1s, of course, to grind down the ore but, inevitably,
certain attrition of the attrition medium takes place.
Considerable force is involved so that impaction of the
medium both with themselves and with the ore pro- 20
vides significant loss. This is documented as attrition
from erosion. A further significant loss is corrosion,
which has been documented in the literature over the
past decade.

The present invention seeks to reduce the loss of
attrition medium through corrosion in an attrition mill.

Accordingly, the present invention is a method of
operating an attrition mill that comprises milling sub-
strate with an attrition medium in the presence of an 3¢
aqueous carrier, and is the improvement that comprises

maintaining in an aqueous carrier for the ore, an anti-
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cCOrrosion composition comprising a water soluble, (al-
kali metal) phosphate and a water soluble zinc salt.

In a preferred embodiment the phosphate is a meta-
phosphate and the alkali metal is a sodium or potassium.
The zinc salt may desirably be zinc chloride, a zinc salt
that 1s easily obtainable and is water soluble. In a further
preferred embodiment the attrition media are soaked in
an aqueous solution of the above anti-corrosion compo-
sition prior to being introduced into the attrition mill.

The method was developed to ensure:

1. The net grinding cost must be significantly re-
duced.

2. No major increase in equipment or operating ex-
penses should be incurred. Indeed it is an advantage of
the invention that the only change required in the mill
operation is the controlled addition of two aqueous
solutions. |

3. The process must not create problems in subse-
quent mill circuits.

4. The pH 1n the attrition mill must remain substan-
tially unaffected upon the addition of the anti-corrosion
agent. Therefore, the pH is maintained in a range of 7 to
9.

The invention is illustrated in the following results
achieved in tests, carried out in an attrition mill of
Brenda Mines Ltd., near Peachland in the interior of
British Columbia. The mill was grinding copper ore
mined at the mine. The test was conducted for approxi-
mately 240 days with a break at the mid-point due to
plant shut-down. For reporting purposes the test results
are labelled Part I and Part II.

The test log for Part 1 is listed in Table 1.
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TABLE 11

CIRCUIT #1 WEEKLY GRINDING BALL
CONSUMPTION! IN PART I OF TEST

BUCK-

ETSOF BALL J
GRIND- CON- % REDUC-
OPER. ING SUMP- TIONS VS.
ATING BALLS TION? BASELINE

DAY NO. HR. ADDED KG/HR. CONSUMPTION
Days 1-8 190.1 8 66.75 34.6 10
Day 9-15 165.4 9 86.31 13.5
Day 16-22 162.4 13 126.98 —24.0
Day 23-26 161.7 9 88.29 13.5
Day 30-36 143.0 6 66.55 34.8
Day 3743 129.7 10 - 122.29 —11.0
Day 44-50 139.1 7 69.78 31.6
Day 51-57 165.7 g 76.59 25.0 15
Day 58-64 166.9 10 93.04 6.9
Day 65-71 163.3 11 106.85 —4.7
Day 72-78 153.3 10 103.47 —1.3
Day 70-85 164.5 14 135.00 —32.2
Day 86-92 167.5 10 94.70 7.2
Day 93-99 167.7 S 85.13 16.6 20
Day 100-106 160.0 G 89.22 12.6
Day 107-113 167.6 8 85.13 16.6
Day 114-119 167.5 _9 85.23 16.5

Total: 2755.5 Tot: 161 Avg: 92.7 Avg. 9.2
'Pata from Brenda Mines computer printout ' 95
2calculated from (32007 /Bucket X 1.0;3 X_1000KG/MT)Buckets -

22057 /MT
Note: 1.093 is long-term inventory adjustment factor; KG/MT = kilograms/metric
ton. -
3Baseline consumption of 102.1 KG/HR is average grinding ball consumption for
this mill for 6-month period preceding test. |
30

SUMMARY OF RESULTS OF PART I OF
CORROSION INHIBITOR TEST

1. The addition of corrosion inhibitor to the ball mill
continued for 120 days. The addition rate of corrosion
inhibitor was increased on day 13 from the original
dosage of 19 ml/min for the zinc chloride solution and
45 ml/min of the phosphate solution to 25 and 60 re-
spectively. The composition of the two solutions was
changed to a new composition by the inventor on day
55. The original composition was reimplemented on
day 93. The two solutions are compared in Table III
below.

2. The total addition of balls to #1 ball mill was 161
buckets during Part I. 45

35

40

Weight of balls consumed = 161 buckets X 3200 lb/bucket X 1.093
= 563,113.6 Ib

— 255,380.0 kg

During the test period #1 grinding circuit operated for
2756 hours.

55
Hourly steel consumption = 255,380 kg/2756 hours

= 92.66 kg/hour

3. During the six months prior to the test, 269 buckets ¢g

of steel were added to #1 ball mill. #1 Grinding circuit
operated for 4179.8 hours in this time interval.

Weight of balls consumed = 269 X 3200 X 1.093/2.205

65
= 426,691.3 kg

Hourly steel consumption = 426,692 kg/4179.8 hours

10

-continued
= 102.1 kg/hour

TABLE III
PERFORMANCE COMPARISON
__BETWEEN 2 FORMULATIONS USED IN PART I

e REDUCTION
IN GRINDING

TEST BALL CONSUMPTION AVG
DAY NOS FROM BASELINE REDUCTION
ORIGINAL

COMPOSITION

Days 1-8 34.6

Days 9-15 15.5

Days 16-22 —244

Days 23-29 13.5

Days 30-36 34.8

Days 37-43 —11.0

Days 44-50 31.6

Days 51-57 25.0

Days 93-99 16.6

Days 100-106 12.6

Days 107-113 16.6

Days 114-119 16.5 14.5
NEW

COMPOSITION

Pays 58-64 6.9

Days 65-71 —4.7

Days 72-78 —1.3

Days 79-85 —32.2

Days 86-92 7.2 —4.8

The trial was continued in Part II for a further 122
days.

The results were:

1. Total ball addition and operating time as per opera-

tor reports:

Time - Days Buckets Op. Hours

1-20 28 - 498.19

21-52 42 739.15

53-83 42 708.54

84-115, 39 713.30
116-126 14 263.65

Total 165 2912.83

2. Media consumption rate.

Weight of balls consumed:

165 buckets X 3200 —2— X 1.093 = 577,104 Lb.
bucket
— 261,725 Kg
= 89.85 Kg/Hr

Comments on the complete test will start with a sum-
mary of the results:

PART I PART II
Test Duration 119 days 123 days
Baseline Grinding Ball 102.1 Kg/Hr- 102.1 Kg/Hr
Consumption
Test Grinding Ball 92.7 Kg/Hr 89.9 Kg/Hr
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-continued

W

. PART 1 PART 11
M
Consumption
Reduction From Baseline

Consumption
W

9.4% 12.0%

1. Because of the variables involved in the operation
of the mill there is a large short-term fluctuation m
grinding media consumption. Statistical analysis of mill
data for approximately four years prior to the test indi-
cates that for an approximately 8 month test (240 days)
a 6.5% reduction in grinding ball consumption is the
threshold for statistical significance. That 1s, any reduc-
tion greater than 6.5% cannot be attributed to chance
but results from, in this case, the successful application
of the corrosion inhibition process.

2. During Part I of the test the inhibitor formulation
was changed in an unsuccessful attempt to improve
performance. For 12 of the 17 weeks of Part I, the
“original” formulation reduced grinding ball consump-
tion by an average 14.6%—see Table 1I above.

3. During most of Part II the inhibitor feed rates were
inadvertantly set at only 73% of the feed rates of Part 1.
This was felt to impair performance. Additionally how-
ever the grinding balls were presoaked in a dilute aque-
ous solution of the corrosion inhibitors. This was felt to
provide an initial protection and is now considered an
important part of the corrosion inhibition process.

4. Based on the test results and comments on 2. and 3.
a long-term reduction in grinding ball consumption of
15% would be a realistic goal at this mill.

5. In economic terms this plant would realize a con-
siderable advantage from employing the process on a
full-plant (4 grinding mills) scale:

10

15

20

25

30

35

45

50

35

60

65

Approximate annual cost of grinding balls: $2,300,000
Reduction in costs based on a 15% reduction $344,000
in grinding ball consumption:

Annual cost of corrosion inhibitor chemicals $92,000
Net savings in grinding costs $252,000

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows: |

1. A method of milling substrate comprising the step
of milling said substrate in an attrition mill containing
therein grinding media, an aqueous carrier, and an anti-
corrosion composition, said anti-corrosion composition
comprising a water soluble phosphate salt and a water
soluble zinc salt, while maintaining the pH in the range
of 7 to 9.

2. A method as claimed in claim 1 in which the phos-
phate is a meta phosphate or a polyphosphate.

3. A method as claimed in claim 1 in which the phos-
phate salt is a sodium or potassium salt.

4. A method as claimed in claim 1 in which the phos-
phate metal phosphate is selected from sodium tripoly-
phosphate and sodium hexametaphosphate.

5. A method as claimed in claim 1 in which the zinc
salt is zinc chloride. |

6. A method as claimed in claim I in which the attri-
tion mill is a ball mill.

7. A method as claimed in claim I in which the attri-
tion mill is a rod muill.

8. A method as described in claim 1 in which the
attrition medium is soaked in an aqueous solution of the
anti-corrosion composition prior to being placed in the

attrition mill.
* : % o L



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,643,361
DATED - February 17, 1987

INVENTOR(S) : Chapman

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 12, Claim 4 should read as follows:

- 4L A method as claimed in claim 1 in which the phosphate

salt is selected from sodium tripolyphosphate and sodium

hexametaphosphate. --.
Signed and Sealed this
| Fitth Day of September, 1989
Attest.

DONALD ). QUIGG

Atresting Officer

Conmissioner of Parents and Trademiarks
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